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. It hae long been recognlzed that the tltanlum d10x1de (T10 ) extrac— .
tion procesg is exceptional in termo of its effluent type and quantlty,
and that conelderable care nmust be taken in the s1t1ng of a factory to
ensure, that natural reeourceo ‘are used to max1num advantage in safeguard—
ing the environment., It is largely for thlu reason that the two maaor :
United Kingdom T102

receives water from a catchment area of approx1mate1y 27 000 km (almost

factorles were lccated on the Humber Eetuary, whlch

20% of England) and. ha" a vcry 1arge flow (21 million m3/day average
freshwater flow), thus eneurlng falrly rapld dllutlon and dlsper51on A
before dis charglng to the sea. . _ ) : n

_ ~ The two factorles started. productlon 20—25 years ago. 'Since then they
have expanded and other. 1nduutr1eo have been eetabllehed in the same area, |
1nclud1ng the manufacture of fer tlllzers, flbree, plastics and pharnaceutl-
cals and 011 reflnlng. One of the llo eompanles, Brltluh Titan Products
Company lelted, conoldered 1t approprlate ‘as far back as 1957 to 1nst1tute
chemlcal and blolo~10al 1nvest1gat10nc of the area into whlch thelr Q‘.“%
effluent was dloChaIng. This paper summarizes very brlcfly »ome of- the
main rc°ults both of these 1nve»t1gat10ns and of studies carrled out by
the Fi»herleo Laboratory, Burnham-on—Crouch.- The 1ntent10n is to 111us-_n
trate tho extcnt of data available in the UK; at this stage the ‘_
significance of the‘reoult is not discusSed'in detail. Referencc 1~ not
made to other reeearch work on this eubgect, 81nce mout of 1t is well
documented and avallable frem the litorature. R o . :

We are 1ndebted to British Titen Productu Company Limited for allcw1ng

us to use the results of. thelr 1nveet1gatlone and a55001ated reeearch
carrled out by Queen Mary College,. London, and for their w1111ngnesc to

make more detalled information available to ICES at a later date.

* Fisheries Laboratory, Burnham~on-Crouch, Escex.
t British Titan Products Company Limited, Billingham, Cleveland.
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PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE . .
ACID-~IRON WASTE FROM THE-SULPHATE PRCCESS - "+ - - oo o

~Acid~iron wastes arc the by-product of the a01d extructlon of ores
durlng the production of titanium dioxide, and their preolse conpooltlon
depends on the extraction process and on the origin of the ore.” For
example, a typical wastec from a sulphafe‘process opereting on ilmenite
contains 2% free sulphuric acid, 0.1-0.2% suspendcd solids, and O. 8%
soluble iron, with very much °maller quantitics of titanium, chromium,
venadium and zinc. The solids arc made up largely of unattacked ore,
titenium dioxide and silica. The most obvious charactcristic of. the
waute is its acidity and at hlgh concentratlonu it produces a marked
reductlon 1n the pH of sca water (Flgure 1). With increasing dllutloh by
Sea waier the pH rises apldly and the nolubie ferrouu iron precipitates
and ox1d1zeu to hydrated ferric ox1de, produc1n the characteristic
orange-brown floc. This reaction produces a considerable chemical oxygen .
demand in the water. .

The Brltluh Tlten effluent dlochurgeu contlnuously Juut below the
level of mean low waier into shoal water of the Humber Estuary at a rate
of 22 T00 m3/day. Slnce the estuary 1s tidal the dircction of flow past ..
the outfall changes from ebb to flood, with a period of_ulack water at
hlgh and low tide. Current speeds can reach 4 kn/hour. The tidal
excursion is alwayp conolderublc and. is related to tidal range such that
a neap tide of 2m ha» an excurulon of some 8 km but o spring tide of 6 m
has an excur 1on 1n croe s of 7 km. The glue and shape of the effluent
plume w111 therefore be prlmarlly dependent on. the otate of the.tide
(Figure 2), w1th the effluent fornlng a v1rtually undlluted pool off the
outfall at elack water.- Durlng flood and cbb there is dilution along
the narrow plume with 1ﬂcrea31ng distance from the outfall (Figure 3).
Surveys of dlssolved oxygen,.uallnlty, pH, suspended solids, iron and
uulphate of the eutuary water from 1964.to the present time have not
demonutrated any changeo that can be attributed to this effluent. Changes
have occurred 1n “the ocdlmentu of the immediate area. Close to the out-
fall plpe there is a hard ferrlc crust overlying the substrate, and the
presence of iron in the éu:face_mud layers for scveral hundred metres on
éifher side is clcerly éeen.by the discoloration. Chemical analysis. of
samples shows the pre»ence of tltanlferrouu maxerlal close to the outfall.
but beyond thlu zone the flgureo tend to be comparable w1th background

levels,



BIOLOGICAL EFFECTS OF ACID-TRON WASTES A
‘(a) Feld observat1ons s

Two approaches have been adopted 1n order to utudy the ecologlcal
impact of the effluent dlucharge. Long—term effectu have been a e Sed}l
by: regular uurveys of benthlc and planktomc orgam.smu, a.nd ehort term -
effests have been studxed by u31ng caged anlmals anchored w1th1n the area
1nfluenced by the effluent plume. _‘ _ e = rg;;‘;

Surveys of the 1ntert1da1 zone have been carrled out for over 15 yearu
at selected etatlono on both the oouth nnd north chore of the eotuary »o
that’ any changeo in fauna adgacent to the outfall can be a e ed in. the
context of natural fluctuatlonu in the eetuary as a whole. It lu not pos-
clble to reproduce the exten81ve recult of thesec regular ﬂurveyo here,
but Table 1 uhowo the range of typlcal eutuarlne"upecleu encountered at
two statlonu 1n 1957 and 1971. Although a decllne 1n upCClCS dlverS1ty
on the south shore has occurred over th1" perlod the range of benthlc
species has alwayu been less on the non-1ndu trlallzed north uhore.' The

hlctogramu 1n Figure 4 1lluctrate that whilst there has been a decline 1n.

V{ho ‘level of abundence of some oPGClOS (e.g. Macoma balthlca) at certaln

sites from 1959 to 1972, others have malntalned thelr level or even :

incredsed it gomewhat (e.g. Nereis dlverglcolor), 50 that‘the bloma\ _of‘
much of the-south ehore has remalned high. | B o :ﬁ
Overall, therefore, it can be etated that although there are natural_
differcnces ih the fauna and flora at the uelected otatlon in the eutuary
there have been changeu on the gouth bank over the perlod of 1nveet1gat10n.
It is not clear, however, to what extent these are duc to the summated
effects of . 1ndu"tr1al and other dlechargeu or to natural hydrographlc and
cllmatlc changeu." Ccrtaanlf, the British Titan effluent has an 1mpact on
the benthos 1n the ‘area adgacent to the outfall. There is a »mall
e111pt1ca1 area near the plpe Whlch is v1rtually ablotlc.x Outolde thl»ug-w
area nomatodes and Nephtys Sp. occur with increasing abundance and 51ze:;aﬁ

with distance from the pipe. Beyond this zonc Macoma, Cardium and epi-

benthio species such as Carcinus and Crangon occur. The abiotic area’is

simllar in shape to,”but smaller than, the zone that was determined as
lethalyto eaged Shrimps and fish (Figure 5).. This is presumably. because’f:
the worms remain burled in the substrate and therefore out. of- direct: - .
contact w1th the pool of acidified water that is evident at slack water
(Flgure 2)



(b) Laboratory observations Sl o e
These were instigated to attempt to explain the: observed dl"trlbutlon

of animals in the ficld by obtalnlng a clearer understandlng of the toxic
mecﬁani"mE‘of the waste,. Prellmlnary acute .toxicity experiments. showed :

that the 96 hour LC50
Pomaioachlutus, Macoma, Nephtys) were in excess of 1000 partu/106, and

s .for a wide variety of. species - (e.g. Pleuroncctes,

more detalled experiments confirmed that for most species, the medlan
“1etha1 threohold concentratlon lay between 2000 and 8000 partu/10

(Flgurc 6) In Figure 7 the tox1c1ty curve for the waste has been . .com=.
pared w1th thoue for technlcal grade ﬂulphurlc and hydrochloric acids.
Although maJor dlfference» are obvious, when theue curves are compared °

on the b&ul of concentratlon a unified picture emerges if the surv1val.
tlmeu are plotted agalnut the pH of the solutions.. It therefore appears -
that thc hydrogcn ion ccncentratlon of the ac1d-1ron waete is the active
component for, at leaut, the »hort-term tox1c1ty.

The pos ulble presence and nagnltude of long-term toxicity and .
oub-lethal offects have been investigated in a number of ways. For example,
it has been found that cnly concentrations of waute in excess of 1000 parto/
106 ulgnlflcantly depre sed the growth rates of Artemia nauplii and
Juven17e Qphrvotrocha (Flgure 8) and caused a marked depression in the
heart—rate (1.e. beato/hnlt tlme) of the f1 sh Agonus cataphractus in less -

then 1 hour (Flgure 9). Studies have been carrled out on the effects of

a conccntratlon of the waste of 250 partu/10 on the growth of

Qphrvotrooha over three gcneratlon and it is clear from the resulis that
.no accuxmlla:hlve =‘ub—letha1 factors were evident in this timec.

Whllut the absence of a species near the outfall might be the result
of acute or chronlc tox1c1ty, 1t is possible, especially for fish and for
moblle eplbenthlc ep001e“ ‘such as Crang__ and Carcinus, that their absence -
is the result of a dlrected behav1oura1 response. Indeed, Carcinus. shows:
a marked ab111ty to detect and avoid potentially 1etha1 waters of low pH-
(Figure 10)

CONCLUSIONS o
This paper summarizes very brlefly some of the reuulto of 1nvest1ga— :

tions carried out by the British Tita: Products Company Limited and the _

Fisheries Laboratory, Burnham-on-Crouch on a plped dlucharge:ofgacld-lren;j

waste into the Humber Estuary. o | “ - |
From both field and laboratory studies it appears that the tox1c

effects of the acid-iron waste can be explained by its low pH. However,



the waste is rapidly neutralized when diluted with sca water, so that at
concentrations below 1000 parts/106 the pH approaches that of sca water and
no acute or sub-lethal effects are evident.

In the case of the discharge to the Humber the build~up of ecffluent
off the cutfall at slack water has led to localized damage to the biota,
but the large volume of the cstuary, its alkalinity, high current speecds
and turbulence ensure that great“diiﬁfion’énd neutralization of the waste
takes place subsecquently. Precipitated iron_cvidently discol¢urs4many of
thehanibals.near‘thg;ggtfall, but initial analyées.bf mussels for Fe, Ti,

Cu, -Cry Pb, V, Zn and As have not indicated any elevated levels in their

" —— -

tiésues_. T . . S n oo

-

Although these studies have'béén concerned with.gffects of "o piped

dischafge, the resulté"afé—éiga very useful in assessing the possible
biological consequences of sea dumping‘éf”acid—iron waste, because under
the more restricted potcntialj%stAilution from outfalls toxic effects are
more likely to be evident. The careful selécti&n»of dumping grounds where

tidal velocities are high should preventuthg”éccutreﬁce of such effects

e e
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in the open sea.
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Table 1 Invertebrate species recorded at two stations in the’

intertidal zone of the Humber in 1957 and. 1971

" POLYCHAETA Nereis diversicolor

Group - _ ‘ South shore. North shore

1957 191t 1957 1971

ANTHQZOA Sagartia sp. + + +

+ +

+

Nereis virens
Lanice conchilcga
Pectinaria koreni
Scoloples armiger’
Arenicola marina
Polydora ciliata

" Nephtys sp.

+ o+ 4+

+ 4+ 4+ ++ o+
+

CRUSTACEA
CIRREPEDIA Balanus balanoides + + +
ISCPODA Naesa sp.
AMPHIPODA Gammarus zaddachi + + + +

DECAPODA Crangon crangon
Carcinus maecnas

+

+ +
+
+
+

MOLLUSCA Littorina saxatilis + +
Littorina littorea
Nucella lapillus
Buccinum undatum
Mytilus edulis
Cardium edule
Macoma balthica
Hydrobia sp.
Hya sp.
Scrobicularia plana ) +

+
+
+

I

+ 4+ + +
4+
+ + +




Production of hydrated ferric oxide

b Estuarine water (pH 76) Full sea water (pH 8-0)'
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Concentration of acid-iron waste in water (parts /10°)

tigure ', Chsznges inA pH of sea water due to acid-iron waste.
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Firure 2. Changes in the shape of the effluent plume, as observed
during part of a tidal cycle. High water 07.50 h,
low water 14.00 h. The magnitude and direction of the
main water flow is indicated by ta  crrows.
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Figure 3. The dilution of the wzste along the plume two hours before
low water. Based on pH values and iron cortent.
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(b) flounder Ptatichthys flesus o
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Figure 5. Areas of acute toxicity to shrimps and fish held in cages., Numbered isopleths show the period
of exposure (in tidal cycles) required to kill 50% of the animals.
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Figure 8. The effects of Jifferent concentrations of acid-iron
waste v(parts/10(’) on the growth of ‘rtemia (open points)
and Ophryotrocha (solid points).
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